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Abstract
The secondary structure of Na/K-ATPase after modification of the ATP-binding sites was analyzed. Consistently with
recent reports, we found in trypsin-treated Na/K-ATPase additionally to K-helix also L-sheet structures in the
transmembrane segments. However, binding of fluorescein 5P-isothiocyanate (FITC), the pseudo-ATP analog, to the ATP-
binding site did not affect the secondary structure of undigested Na/K-ATPase. Consequently, fluorescence intensity
changes of FITC-labeled Na/K-ATPase commonly used to observe conformational transitions of the enzyme reflect
physiological changes of the native structure. The metal complex analogues of ATP, Cr(H2O)4ATP and Co(NH3)4ATP, on
the other hand, affected the secondary structure of Na/K-ATPase. We propose that these changes in the secondary
structure are responsible for inhibition of backdoor phosphorylation. ß 2000 Elsevier Science B.V. All rights reserved.
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1. Introduction
Na/K-ATPase (EC 3.6.1.37) is an integral mem-
brane protein which transports sodium and potassi-
um ions against an electrochemical gradient. The
transport of Na and K ions is presumably con-
nected to an oscillation of the enzyme between two
major conformational states, namely the E1Na and
the E2K conformations. The E1 and E2 states have
di¡erent a⁄nities for ATP [1].
Since two ATP-binding sites of Na/K-ATPase
placed on di¡erent catalytic subunits interact during
ATP hydrolysis [2], it is of great interest to obtain
more detailed information on the in£uence of some
speci¢c inhibitors on the enzyme structure. The high-
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Abbreviations: Cr(H2O)4ATP, L,Q bidentate complex of chro-
mium(III)-tetraaqua-adenosine-5P-triphosphate;
Cr(H2O)4AdoPP[CH2]P, L,Q bidentate complex of chromium-
(III)-tetraaqua-adenylyl [L,Q-methylene] diphosphonate; Co-
(NH3)4ATP, L,Q bidentate complex of cobalt(III)-tetramino-
adenosine-5P-triphosphate; Co(NH3)4PO4, tetramine cobalt(III)-
phosphate; FITC, £uorescein 5P-isothiocyanate; ErITC, erythro-
sin 5P-isothiocyanate; E1ATP site, nucleotide-binding site of Na/
K-ATPase with high a⁄nity for ATP; E2ATP site, nucleotide-
binding site of Na/K-ATPase with low a⁄nity for ATP; FT-
IR, Fourier transform infrared
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a⁄nity ATP-binding site (E1ATP site) and the phos-
phorylation site of Na/K-ATPase are localized be-
tween the fourth and ¢fth transmembrane segment
on the large cytoplasmic loop of approximately 30
kDa (the H4-H5 loop) [3]. Fluorescein 5P-isothiocya-
nate (FITC) is an inhibitor of the E1ATP-binding
site and blocks the high-a⁄nity ATP-binding site of
Na/K-ATPase [4]. This pseudo-ATP analogue
monitors the E1HE2 conformational transitions
[5,6], inhibits the enzyme but it lets the partial activ-
ities of K-activated p-nitrophenyl-phosphatase and
the backdoor phosphorylation unaltered [7]. Surpris-
ingly, it is still unknown whether inactivation by
FITC and by its analogues leads to alterations of
the native enzyme structure. In such a case, all £uo-
rescence data on FITC-labeled Na/K-ATPase
would be questioned. Like FITC, the ATP-metal
analogue, Cr(H2O)4ATP, is a speci¢c E1ATP in-
hibitor [8]. It blocks backdoor phosphorylation
of Na/K-ATPase similarly to Co(NH3)4ATP;
Co(NH3)4ATP, however, is a speci¢c E2ATP inhib-
itor [7]. Another inhibitor of the E2ATP site is eryth-
rosin 5P-isothiocyanate (ErITC) which labels Cys549
in a FITC-pretreated Na/K-ATPase [9].
Fourier transform infrared (FT-IR) spectroscopy
was used to demonstrate the presence of L-sheet
structure in the transmembrane segments and mainly
to detect whether pseudo-ATP analogues (FITC,
ErITC) and metal complex analogues of ATP
(Co(NH3)4ATP, Cr(H2O)4ATP) in£uence the sec-
ondary structure and a¡ect thereby backdoor phos-
phorylation from phosphate.
2. Materials and methods
2.1. Preparation of the MgATP complex analogues
The synthesis of Cr(H2O)4ATP, Cr(H2O)4AdoPP-
[CH2]P and Co(NH3)4ATP was performed by the
aniline method [10] with the variations described ear-
lier [11].
2.2. Enzyme and assays
Na/K-ATPase (20^25 U/mg protein) was puri-
¢ed from pig kidney by modi¢cation of JÖrgensen’s
procedure [12]. The activity was measured by a
coupled spectrometric assay [13]. One enzyme unit
(U) is de¢ned as the hydrolysis of 1 Wmol ATP per
min at 37‡C. Protein was determined by Lowry’s
method [14] using Lab-Trol as a protein standard.
Lab-Trol is a mixture of proteins and enzymes used
for the calibration of assays in clinical chemical anal-
ysis.
2.3. Inactivation of Na+/K+-ATPase by MgATP
complex analogues
Na/K-ATPase at a ¢nal concentration of 1 U/ml
(60 Wg/ml) was incubated for 3 h at 37‡C in a solu-
tion containing 20 mM Tris^HCl pH 7.25, 15 mM
NaCl and 1 mM Co(NH3)4ATP or 50 WM
Cr(H2O)4ATP. The inactivated enzyme was spun
down in Eppendorf tubes at 100 000Ug in a rotor
50Ti of the Beckman L2-65B centrifuge using adapt-
ers of our own design. The pellet was resuspended in
1 ml of 20 mM Tris^HCl, pH 7.25, and the Na/K-
ATPase activity, K-activated p-nitrophenyl-phos-
phatase activity, [3H]ouabain-binding and backdoor
phosphorylation were tested as described earlier
[7,15].
2.4. Inactivation of Na+/K+-ATPase by FITC
Inactivation by FITC and ErITC were performed
as follows: 1 U of Na/K-ATPase was incubated at
37‡C in a total volume of 1 ml for 90 min with 5 WM
FITC (or 2 WM ErITC) in 20 mM Tris^HCl (pH
7.25). The molar binding ratio FITC/K-subunit was
1.6. Thereafter, K-activated p-nitrophenyl-phospha-
tase activity and backdoor phosphorylation were
tested according to Linnertz et al. [7].
2.5. Preparation of transmembrane segments of
Na+/K+-ATPase
Na/K-ATPase in a ¢nal concentration of 2.5
mg/ml was digested according to the modi¢ed meth-
od of Raussens et al. [16]. The enzyme was digested
in a medium containing 0.6 M urea, 50 mM HEPES/
HCl bu¡er (pH 7.2), 200 mM KCl and 8% sucrose.
The concentration of trypsin was 5% and of protein-
ase K was 25% (by mass). The samples were incu-
bated at 37‡C and the digestion was terminated after
24 h by addition of the inhibitor phenylmethylsul-
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fonyl-£uoride. The membrane fragments were sepa-
rated by ultra-centrifugation [16] and purity was
tested by 10% sodium dodecyl sulfate^polyacryl-
amide gel electrophoresis [3].
2.6. Preparation of samples for FT-IR measurement
The samples in the presence of FITC, ErITC,
Cr(H2O)4ATP or Co(NH3)4ATP, respectively, were
prepared as described above. Typically, 1 mg of la-
beled or unlabeled enzyme was suspended in 300 Wl
100 mM phosphate bu¡er prepared in D2O at pD
7.4. The protein suspension was then centrifuged at
100 000Ug for 20 min at 4‡C and the pellet resus-
pended in 300 Wl of the same bu¡er and centrifuged
again. This procedure was repeated four times.
2.7. Infrared spectra
The pellet from the last centrifugation step was
suspended in some drops of bu¡er and given between
two CaF2 plates, separated by a 25 Wm te£on spacer.
The CaF2 cuvette was then mounted into a thermo-
stated (20‡C) 20500 cell (Graseby Specac, Orpington,
Kent, UK). The samples were analyzed in a Perkin^
Elmer 1760-x FT-IR spectrometer which was contin-
uously purged with dry air at dew point of 340‡C at
least 24 h before measurements, and during the ac-
quisition of spectra. For each sample, 256 spectra
were averaged at 2 cm31 resolution. Bu¡er spectra
were collected under the same scanning and temper-
ature conditions as sample spectra. A normal Beer
Norton apodization function and a deuterated trigly-
cine sulfate detector were used in these experiments.
Second derivative spectra were calculated over a nine
data point range (9 cm31). Deconvolution parame-
ters were set with the half-bandwidth at 18 cm31 and
a resolution enhancement factor of 2.5.
2.8. Estimation of the secondary structure
The secondary structure of Na/K-ATPase and
T-ATPase (transmembrane segments only) was esti-
mated by curve-¢tting. Amide IP band contours of
absorption spectra were ¢tted with Gaussian/Lorent-
zian curves. The position and the number of amide IP
components, used as an input for the curve-¢tting
program, were obtained from the second derivative
and deconvolved absorption spectra. Further details
are reported in [17].
2.9. Dynamic £uorescence measurements
Time-resolved £uorescence measurements were
performed by the time-correlated single photon
counting method using synchrotron radiation as a
source of the excitation light. The full width at
half-maximum of the excitation pulse was routinely
600 ps. The total £uorescence decays were collected
with the excitation polarizer set to the vertical posi-
tion and the emission polarizer set at 54.7‡ (magic
angle). A total of 2^3 million counts were collected in
each decay. The maximum entropy method was used
for the data analysis and the ¢rst order average £uo-
rescence lifetime Gdf was calculated as gcidi.
2.10. Materials
All chemicals were of the highest purity available.
They were obtained from Bio-Rad (Munich, Ger-
many), Boehringer-Mannheim (Mannheim, Ger-
many), E. Merck (Darmstadt, Germany) and Molec-
ular Probes (Eugene, USA). Lab-Trol protein
standard is a product of Merz and Dade (Munich,
Germany). [3H]Ouabain was from Amersham Buch-
ler (Braunschweig, Germany). Deuterium oxide
(99.9% D), sequence grade trypsin and proteinase
K were from Sigma-Aldrich (Milan, Italy).
3. Results and discussion
3.1. Analysis of the secondary structure of
Na+/K+-ATPase
Interpretation of the FT-IR spectra of Na/K-
ATPase and of the transmembrane segments of
Na/K-ATPase is shown in Fig. 1. Both spectra
were normalized to the band area of the carbonyl
stretching vibration of phospholipids (band centered
at 1729.3 cm31) [18]. Marked di¡erences between
these two spectra are visible even without resolution
enhancement. After normalization of the spectra of
Na/K-ATPase and of the transmembrane seg-
ments of Na/K-ATPase to the lipid band area,
the amide IP band (1700^1600 cm31) of the trans-
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membrane portion of Na/K-ATPase decreased to
roughly 1/3 of the whole native enzyme bound, in-
dicating an approximately 3-fold lower protein mass
with respect to the whole Na/K-ATPase.
Also, the shape of the amide IP band di¡ers. The
amide IP band in Na/K-ATPase evidently does not
show a shoulder and has its maximum at 1647.2
cm31. In the transmembrane segments of Na/K-
ATPase, however, the amide IP band shows two main
components at 1655.6 cm31 and at 1632 cm31 which
are characteristic of K-helices and L-sheets, respec-
tively [19]. Hence, the spectra of the transmembrane
portion of Na/K-ATPase re£ect K-helix and, in
addition, a considerable amount of L-sheets.
When the spectra of Na/K-ATPase and the
transmembrane segments of Na/K-ATPase are
normalized to the amide IP band area (data not
shown), the intensity of the residual amide II band
(1547.3 and 1550.1 cm31) is higher in the transmem-
brane segments of Na/K-ATPase than in native
Na/K-ATPase. This ¢nding may re£ect a contact
of the transmembrane portion of Na/K-ATPase
with lipids. This portion is less accessible to the sol-
vent (D2O) as compared to the whole enzyme which
also contains peptide segments not interacting with
lipids. Consistent with the lower accessibility of the
solvent to the protein in the transmembrane seg-
ments of Na/K-ATPase as compared to native
Na/K-ATPase is the lower intensity of the amide
II band. The amide II band intensity is a direct mea-
sure of the H/D exchange [20]. This is naturally a
consequence of missing the huge cytoplasmic loops
in the sample of the transmembrane segments of
Na/K-ATPase.
The second derivative of the absorption spectrum
(Fig. 2, top) and deconvoluted (Fig. 2, bottom) spec-
trum reveals in more detail the secondary structure
of Na/K-ATPase and the transmembrane seg-
ments of Na/K-ATPase. Both spectra were nor-
malized to the amide IP band intensity and show
the same amide IP component bands. The peaks at
1655.4 and 1635 cm31 in the spectrum of intact Na/
K-ATPase indicate the existence of K-helix and
L-sheet structures, respectively. Bands to be assigned
to L-structure are also present at 1693.8 cm31 [16]
and (as a shoulder) at 1626 cm31, which indicates
that L-strands are particularly exposed to the solvent
[21]. The shoulder at 1647.4 cm31 may be due to
unordered structures and/or loops, the bands at
1668.7 and 1679.1 cm31 represent turns [16,19,22]
and the bands at 1614.2, 1604.4 and 1515.1 cm31
can be interpreted as absorbance of amino acid side
Fig. 1. FT-IR absorbance spectra of native NaK-ATPase and its transmembrane segments in D2O at 20‡C. Absorbance spectra
were obtained by subtracting bu¡er spectra from sample spectra as reported in [20]. The resulting absorbance spectra were normalized
to the area of the carbonyl stretching vibration of phospholipids (1760^1700 cm31). Continuous and dashed lines represent native
ATPase and transmembrane segment, respectively.
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chains [23]. The absorbance at 1515.1 cm31 is partic-
ularly due to tyrosine residues. The band at 1547.1
cm31 represents the residual amide II absorbance,
the two bands at 1740.3 and 1728.2 cm31 re£ect
the phospholipid carbonyl stretching [18] and the
1584.3 and 1565.3 cm31 bands could indicate the
existence of ionized aspartate and glutamate residues,
respectively [23]. Notably, the relative intensities of
these 1584.3 and 1565.3 cm31 peaks di¡er in T-AT-
Pase and Na/K-ATPase, indicating a di¡erent
amount and/or a di¡erent extent of ionization of
aspartic and glutamic residues. These di¡erences
should also be re£ected in the 1750^1700 cm31 re-
gion. Unfortunately, a strong absorption in this re-
gion due to the carbonyl groups of phospholipids
renders this analysis di⁄cult. Nevertheless, the anal-
ysis of the infrared spectra normalized to the amide
IP band area or to the phospholipids band absorption
revealed no signi¢cant changes in the 1750^1700
cm31 region. Thus, the di¡erences in the relative
content of aspartic and glutamic residues might be
a major factor in£uencing the 1584.3 and 1565.3
cm31 bands. It is worth noting that the relative in-
tensity (or band area) of these two peaks is di¡erent
in the spectra of the transmembrane segments of
Na/K-ATPase and complete Na/K-ATPase, in-
dicating a di¡erent amount and/or a di¡erent extent
of ionization of aspartic and glutamic residues in the
two samples.
The deconvoluted spectrum of the transmembrane
segments of Na/K-ATPase shows two main peaks
at 1657.5 and 1626 cm31 which can be attributed to
K-helix and to L-sheet structures, respectively [21].
The shift of the K-helix band with respect to that
in the Na/K-ATPase spectrum (1655.4 cm31)
seems to indicate that transmembrane helices are
less exposed to the solvent as compared to the whole
enzyme. In contrast, the position of the L-sheet band
at low wavenumbers indicates that the L-strands in
the transmembrane portion of the enzyme are partic-
ularly exposed to the solvent [21] compared to the
L-sheets (1635 cm31 band) in the whole Na/K-
Fig. 2. Deconvoluted and second derivative FT-IR spectra of Na/K-ATPase and the transmembrane segment in D2O at 20‡C.
Top: second derivative of the spectra in Fig. 1; bottom: deconvoluted spectra. Continuous and dashed lines refer to Na/K-ATPase
and transmembrane segments, respectively. Second derivative spectra were calculated over a nine data point range (9 cm31). Deconvo-
lution parameters were set with the half-bandwidth at 18 cm31 and a resolution enhancement factor of 2.5.
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ATPase. These ¢ndings may suggest that in the
transmembrane portion of the enzyme, a pore is
present in which L-sheets are involved. This observa-
tion is in excellent accordance with the conclusion of
previously published data [24].
3.2. Secondary structures in di¡erent parts of
Na+/K+-ATPase
The estimation of the percentage of secondary
structural elements of the transmembrane segments
of Na/K-ATPase and of complete Na/K-ATP-
ase is shown in the ¢rst and second columns of
Table 1, respectively. It is necessary to underline
that these data refer to the mass of the transmem-
brane segments of Na/K-ATPase and undigested
Na/K-ATPase, respectively. The native enzyme
contains more L-structures than K-helices, while in
the membrane-associated domain, the content of
K-helices is roughly twice higher than the L-sheets.
Taking into account that the transmembrane repre-
sents about 1/3 of the mass of the full enzyme, we
can estimate the secondary structure of the trans-
membrane segment and of the cytoplasmic part of
Na/K-ATPase as is shown in the third and fourth
columns of Table 1. The complete enzyme L-sheets
are mainly present in the cytoplasmic side. Roughly
33% of L-sheets are in the cytoplasmic protein but
V9% only in the transmembrane segment. On the
contrary, the content of K-helices in the transmem-
brane segment is slightly higher (V18%) than in the
cytoplasm-associated domain (V15%). The predic-
tion of the secondary structure of Na/K-ATPase
assumes 10 transmembrane segments which represent
about 20% of the total protein mass and which are
supposed to adopt the K-helical structure. This pre-
diction is in good agreement with our infrared data
from which we estimated V18% of K-helices in the
transmembrane portion of the enzyme with respect
to the total mass of the protein.
In conclusion, the smaller area of the amide IP
band and simultaneously a higher intensity of the
residual amide IIP band in the transmembrane part
as compared to the whole enzyme indicates clearly
that water is missing in parts of the transmembrane
segments of Na/K-ATPase. Interestingly, the
K-helices in the transmembrane part are less exposed
to water than in the native enzyme while the L-sheet
structure of the transmembrane segments of Na/
K-ATPase displays a higher interaction with sol-
vent than in the native Na/K-ATPase. This ¢nding
may indicate the presence of a pore supporting pre-
vious observations [16,24^26].
3.3. E¡ect of ligands on secondary structure of
Na+/K+-ATPase
The transmembrane domains transduce conforma-
tional changes of ouabain upon binding to its recep-
tor on the outer cell surface of the ATP site at the
cytoplasm, and vice versa [7,27], but almost nothing
is known about these conformational changes so far.
We compared the deconvoluted spectra (Fig. 3) of
intact Na/K-ATPase (spectra a^c, continuous
lines) with spectra of the native enzyme labeled
with FITC [3,5,28], and in the presence of Co-
(NH3)4ATP, or Cr(H2O)4ATP (dashed lines, spectra
a^c, respectively). Binding of FITC does not signi¢-
Table 1
Secondary structure composition of membrane-associated domain of NaK-ATPase and of full enzyme
Transmembrane
segment of Na/K-ATPase
(%)
Na/K-ATPase
(%)
Transmembrane segment of
Na/K-ATPase (%) of
the total mass
Cytoplasmic segment of
Na/K-ATPase (%) of
the total mass
L 28 42 V9 V33
K 54 33 V18 V15
t 10 16 V3 V13
r/l 7 7 V2 V5
The symbols K, L, t, r and l stand for K-helix, L-sheet, turns, unordered structures and loops, respectively. Curve-¢tting was performed
for absorbance spectra (amide IP band). Details of the ¢tting procedure are reported in [20]. The numbers reported in the ¢rst and
second column are the best ¢ts and represent the secondary structures of the transmembrane segments of Na/K-ATPase and native
Na/K-ATPase (for details, see Section 3), in the third and fourth columns are values representing the secondary structure of trans-
membrane and cytoplasmic segments of Na/K-ATPase, respectively, with respect to the total mass.
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cantly modify the shape of the amide IP band, indi-
cating that the £uorescent probe does not a¡ect the
secondary structure of the enzyme. Similar results
were obtained with ErITC (data not shown).
However, the binding of ATP analogs, like Co-
(NH3)4ATP or Cr(H2O)4ATP, led to changes of the
amide IP band. In particular an increase in intensity
of the 1693 cm31 band, the appearance of a shoulder
at 1622 cm31 and a shift to a lower wavenumber of
the L-sheet band at 1635 cm31 can be observed (see
spectra (b) and (c), dashed lines of Fig. 3). These
data suggest that the secondary structure of the en-
zyme changes when ATP analogs are bound. How-
ever, we have to stress that nucleotides, including
Co(NH3)4ATP and Cr(H2O)4ATP, absorb close to
1620 cm31 and subtraction of the absorption of
bound nucleotides from the sample spectra is partic-
ularly di⁄cult when the protein is concentrated in a
small volume. In such a sample, various factors may
in£uence the proper subtraction of the bu¡er spec-
trum from the sample spectrum. In particular, it was
di⁄cult to obtain the same cell pathlength for the
bu¡er and for the solid sample, even using the
same spacers between the two windows. Moreover,
since the protein sample was analyzed as a small
pellet (with a small volume) between the two CaF2
windows, concentration of bound nucleotides in the
pellet could be much higher than in the bulk bu¡er.
In the light of these di⁄culties, we subtracted the
absorption of di¡erent amounts of ATP analogs
from the sample spectra, but we could not obtain a
spectrum of the sample lacking the 1622 cm31
shoulder as in the control spectrum. This failure
could mean that the 1622 cm31 band is a real peak
or it could be due to the fact that the absorption of
bound nucleotides may be shifted with respect to the
absorption of nucleotides in the bulk bu¡er. This
e¡ect could be due to the microenvironment sur-
rounding the nucleotide in the protein-binding site
that could be very di¡erent with respect to that
found in the bu¡er. Taking into account these con-
siderations, we can say that the 1622 cm31 band
could re£ect some conformational changes of the en-
zyme induced by the ATP analogs, even though it is
not excluded that it may contain a contribution of
bound nucleotides. However, the possibility that
Fig. 3. Deconvolved FT-IR spectra of native Na/K-ATPase at 20‡C in D2O under di¡erent conditions. The continuous line repre-
sents the spectrum of Na/K-ATPase. Spectra (a^c), dashed lines, represent the spectra of Na/K-ATPase in phosphate bu¡er in
the presence of FITC, Co(NH3)4ATP and Cr(H2O)4ATP, respectively. Deconvolution parameters were set with the half-bandwidth at
18 cm31 and a resolution enhancement factor of 2.5.
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some conformational changes are induced by the
ATP analogs is supported by the small shift of the
K-helix band and increased intensity of the 1693.1
cm31 band, a region where nucleotides do not ab-
sorb. The 1622 cm31 band could represent exposed
L-strands together with the 1693.1 cm31 band and/or
intermolecular interactions [29].
Conformational changes of Na/K-ATPase in-
duced by metal ATP analogs have also been re£ected
by £uorescence lifetime measurements of trypto-
phans localized at the ATP-binding site. The H4-H5
loop of the K-subunit of Na/K-ATPase with the
ATP-binding site (Met386^Ile784) has been expressed
in Escherichia coli [30] and the tryptophan £uores-
cence decay has been observed and analyzed [31] us-
ing synchrotron radiation as a source of the excita-
tion light in the presence and in the absence of
Co(NH3)4ATP. Presence of 40 WM Co(NH3)4ATP
has signi¢cantly changed a £uorescence lifetime dis-
tribution of the H4-H5 loop (2 WM protein in 50 mM
Tris^HCl, pH 7.8). While three components were
necessary to ¢t the £uorescence decay in the absence
of Co(NH3)4ATP, two lifetime components with the
highly dominated component centered at d= 0.5 ns
were su⁄cient to ¢t the data in the presence of 40WM
Co(NH3)4ATP (Table 2). This resulted also in a very
signi¢cant decrease of the average lifetime of the ex-
cited state of tryptophan re£ecting, thus, a very sig-
ni¢cant change of its microenvironment.
Thus, while binding of FITC has seemingly no
in£uence on the enzyme structure and its £uores-
cence changes during Na/K-ATPase conforma-
tional transition e¡ect changes of the native struc-
ture, binding of metal ATP analogs results in some
conformational di¡erences. This ¢nding of confor-
mational changes evoked by the ATP analogs’ bind-
ing may be connected to previously observed changes
of functional properties [2,7,8,11,15]. One of these
activities, the backdoor phosphorylation from Pi in
the presence of Mg2, is connected to properties of
the low a⁄nity ATP-binding site (E2ATP site) [7].
Evidently, there is a direct link to the activity of
the K-activated p-nitrophenyl-phosphatase, a parti-
al activity of the E2ATP site [1,15] involved in back-
door phosphorylation (Table 3). The pseudo-ATP
analog ErITC, the label of the E2ATP site [2], inhib-
ited the p-nitrophenyl-phosphatase but left the back-
door phosphorylation and [3H]ouabain-binding unal-
tered. Modi¢cation of the enzyme by ErITC or FITC
has no e¡ect on the secondary structure. On the con-
Table 3
In£uence of Na/K-ATPase inhibitors on di¡erent activities
Inhibitor Na/K-ATPase
activity (%)
Backdoor phosphorylation
(pmol/U)
[3H]Ouabain-binding
(pmol/U)
Speci¢c label for
Native 100% 112 þ 18 101 þ 11 n.a.
Co(NH3)4ATP 95 13 þ 6 [7] 30 þ 6 E2ATP site [11,15]
16 þ 6
Cr(H2O)4ATP 95 19 þ 6 [7] 28 þ 8 E1ATP site [7,8,15]
FITC 95 113 þ 3 [7] 100 þ 6 E1ATP site [2,3,7]
116 þ 11
ErITC 95 116 þ 18 98 þ 9 E1ATP and E2ATP site [2]
Na/K-ATPase at a ¢nal concentration of 1 U/ml (60 Wg/ml) was incubated at 37‡C in a solution containing 20 mM Tris^HCl pH
7.25, 15 mM NaCl and the inhibitors, for details see Section 2. Na/K-ATPase activity, backdoor phosphorylation and [3H]ouabain-
binding were measured as described in [7,8,15]. The data are the mean values and S.E.M. of four separate experiments. Numbers in
brackets refer to the cited references.
Table 2
Analysis of the tryptophan £uorescence intensity decay of the H4-H5 loop of the K-subunit of Na,K-ATPase
f1 f2 f3 d1 (ns) d2 (ns) d3 (ns) Gdf (ns) M2
H4-H5 loop 0.66 0.25 0.69 4.3 1.7 0.21 0.82 1.6
+40 mM CoATP 0.01 0.99 ^ 4.3 0.5 ^ 0.54 1.3
Fluorescence intensity decay was ¢tted by the maximum entropy method, and the fractional intensities fi, individual lifetimes di and
average lifetimes Gdf were computed from the lifetime distributions as described in Section 2.
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trary, the metal ATP analog Cr(H2O)4ATP which is
known to be a speci¢c label of the E1ATP site [8,15]
strongly in£uenced the phosphorylation from inor-
ganic phosphate. Hence, comparing these kinetic re-
sults (Table 3), with the observation that FITC and
ErITC were without e¡ect on the secondary structure
of Na/K-ATPase while Co(NH3)4ATP and
Cr(H2O)4ATP altered it to some extent, indicates
that the adenine-binding region of the K-subunit of
Na/K-ATPase is not involved in backdoor phos-
phorylation. Additionally, the new £uorescent deriv-
ative Co(NH3)4Mant-ATP showed a higher rigidity
of the enzyme after binding [11]. Therefore, only
structural changes caused by the phosphate group
of the ATP analogs or phosphorylation a¡ect seem-
ingly the phosphorylation from inorganic phosphate.
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